
































































































































































































































































• Key understanding gained in earlier 
collaborative work with NASA enables 
fundamentally new research 
directions 
• Clemson continuum laboratory has 
been developed over the past 15 
years under funding from NASA, 
DARPA, and the NSF
• Team has gained significant expertise 





































































































A Novel Powered Leg Prosthesis Simulator 





















































• Develop leg prosthesis simulator capable of applying specific 
model-predicted torques to both prosthetic & residual limbs of 
amputees and robot or exoskeleton legs
• Using a cable drive mechanism (Exo-Drive), the simulator will apply 
torque to both prosthetic and residual limb joints while an amputee 
or robot walks on a treadmill
• Collect kinematic, kinetic, elctromyographic, and metabolic data to 
develop a knowledge base that can be used to assess 
electromechanical prosthetic devices their control strategies
• Demonstrate that with the correct control scheme, the simulator 
can enable amputees to regain normal gait
• Phase 1 (FY13-15) – design/build Transtibial Prosthesis Simulator; 
program model-based control & sensing; evaluate on walking 
transtibial amputees or NASA Robonaut
• Collaborate with JSC Exoskeleton team on wearable robotics 
• Completing 2nd year of NRI research in FY14




























































Long-range Prediction of Non-Geometric Terrain






























• Stereo Cameras and LIDAR 
sensors excel at sensing 
geometric obstacles, but fail to 
detect hazards like weak or 
slippery terrain
• Mars Exploration 
Rover Spirit





































NASA needs better ways of detecting non-geometric 
terrain hazards such as soft soil, because they are 
mission-enders for autonomous ground vehicles on 
Earth and beyond - Spirit was mired in soft soil on 










































































































































































































Actuators for Safe, Strong, 








































































































































































• Prior work by the PI has demonstrated 
that using force and tactile sensing to 
localize flexible materials is a feasible 
approach for small-scale manipulation 
problems
• However, it is difficult to scale the 
approach up to large problems because of 
the challenges involved in developing a 
haptic model of what the material is 
expected to “feel” like
• The problem is that it is hard to model 
flexible materials analytically and it can be 
difficult to gather a sufficiently large 






























































































































Whole-Body Telemanipulation of the Dreamer Humanoid 






































































































































Toward Humanoid Avatar Robots for 
































• Existing open source robotics software libraries will be 
extended to make them more transparent, directable, 
and predictable in the avatar system. 
• Demonstrate alternate approach to pure tele-operation 
or pure autonomy
• Demonstrate feasibility of using human-humanoid 
avatar robot teams for co-exploration of hazardous 
environments
• Improve humanoid motion planning in complex, 
dynamic, and unstructured environments
• Development will be focused on NASA’s R5, which is 
available to the team through an existing cooperative 
agreement with NASA.
• Completing 2nd year of research in FY14


















































































































































































Representing and Exploiting Cumulative Experience 
with Objects for Autonomous Manipulation
• Fixed Automation ‐ Most robots 
are designed and built for a specific 
task and can not perform the tasks of 
other robots
• Adaptive Controls
– Gain tuning
– Self calibration
– Dynamic identification
• Autonomous grasping
– RFID tags
– Fixed jigs
• Vast amounts of sensor data are 
now available on hands.
• Data includes motion, force, and 
other proprioceptive information
• Data also includes observation of 
external objects, tools and the 
environment.
• A control basis can be formulated 
with online experiences
• Grasping control can be associated 
with objects, used as a good start, 
and then further refined.
• Robots can share knowledge.
• Mission Impact
– Reduce operations costs by 
adding new tasks quickly.
– Provide a “caretaking robot” 
to be left behind on human 
tended spacecraft at NEAs, 
L2 or the moon.
• Terrestrial Impact
– Direct connection to 
manufacturing
– Medicine, disaster response, 
DOD
Robots must currently be 
designed for and then programmed for each 
specific task.
• Develop and prove through testing a new 
approach to robot learning.
• The low level control basis approach 
allows simple skills to be put together for 
more complex actions.
• Key Challenges
– Task generality, through fusion of many 
types of sensing
– Robot generality, with object centric 
approach
• Team
– PI is the leader in the field of autonomous 
manipulation
– Small team, mainly with graduate students
• Infusion through the Robonaut system on 
ISS, taking ideas through software 
development to flight on a fast pace.
• NRC requested more autonomy for NASA’s 
Robonaut system
Advance the ability of robots to 
achieve the general ability to 
perform multiple tasks, get 
better through experience, 
develop new abilities, and share 
them with other robots.
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